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(57) ABSTRACT

A composite resonance circuit 1s provided of which the reso-
nance frequency 1s variable over a wide frequency range
without changing the circuit constant of a non-resonant ¢le-
ment having no resonance frequency. The composite reso-
nance circuit comprises an input terminal; a resonance unit
having first and second ports and quasi-resonating in
response to AC signals respectively supplied to these ports;
and phase shift circuits that perform different phase shifts on
an AC signal supplied to the mput terminal and supply first
and second shifted signals subjected to the phase shift respec-
tively to the first and second ports. The resonance unit 1s an
impedance circuit that has at least four input terminals form-
ing the first and second ports and that generates a quasi-
resonant peak current under non-zero reactance in response to
the first and second shifted signals coming in via the first and
second ports. The quasi-resonant peak current 1s variable
according to the frequency and phase shift quantities of the
AC signals. Namely, the resonance frequency can be made to
be variable.
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QUASI-RESONANT COMPOSITE
RESONANCE CIRCUIT

CROSS REFERENCE TO RELATED
APPLICATION

This application 1s a National Stage of International Appli-
cation No. PCT/JP2010/051478 filed Feb. 3, 2010, claiming

priority based on Japanese Patent Application No. 2009-
118568, filed May 15, 2009, the contents of all of which are
incorporated herein by reference 1n their entirety.

TECHNICAL FIELD

The present mvention relates to a composite resonance
circuit and particularly to a composite resonance circuit with
which a quasi-resonant peak current 1s generated using no
resonance element having a resonance frequency and of
which the resonance frequency 1s variable.

BACKGROUND ART

As to electronic components such as piezoelectric vibra-
tors having a natural resonance frequency, a method where a
reactance element 1s connected to the resonance circuit such
as a serial LC resonance circuit or a parallel LC resonance
circuit 1s known as means for changing their zero-phase fre-
quency, that 1s, the resonance frequency. As such, the reso-

nance frequency range cannot be arbitrarily changed unless
the circuit constant of a resonance circuit 1s changed. Mean-

while, Patent Literature 1 discloses an RC polyphase filer
comprising four input terminals for recerving four-phase sig-
nals having a phase difference of 90° and a circuit for output-
ting four-phase signals. In this filer, a quasi-resonant peak
voltage 1s generated using a non-resonant element without a
resonance element such as a serial L.C circuit, but the resonant
peak voltage itself cannot be varied depending on frequency.
Namely, with this type of composite resonance circuit, the
resonance frequency range cannot be changed unless the
circuit constant of a resonance element or a non-resonant
clement 1s changed.
Patent Literature 1: Japanese Patent Kokai No. 2006-319115

DISCLOSURE OF THE INVENTION

Problem to be Solved by the Invention

An object of the present invention 1s to provide a composite
resonance circuit ol which the resonance frequency 1s vari-
able with use of a non-resonant element having no resonance
frequency and without changing the circuit constant of this
non-resonant element.

Means for Solving the Problem

A composite resonance circuit according to the present
invention comprises an input terminal; a resonance unit hav-
ing first and second ports and resonating in response to alter-
nating-current signals respectively supplied to these ports;
and phase shift circuits that perform different phase shifts on
an alternating-current signal supplied to the mput terminal
and supply first and second shifted signals subjected to the
phase shift respectively to the first and second ports. The
resonance unit 1s an impedance circuit that has at least four
input terminals forming the first and second ports and that
generates a quasi-resonant peak current under non-zero reac-
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2

tance 1n response to the first and second shifted signals com-
ing in via the first and second ports.

With this composite resonance circuit, the impedance cir-
cuit generates a quasi-resonant peak current according to the
phase shift quantities of the first and second shifted signals,
and the resonance frequency of the quasi-resonant peak cur-
rent 1s variable over a wide frequency range depending on the
frequency of the alternating-current signal. Thus, the reso-
nance Ifrequency can be made to be variable without changing
the circuit constant ol a non-resonant element having no
resonance frequency.

BRIEF DESCRIPTION OF DRAWINGS

FIG. 1 1s a circuit diagram of a composite resonance circuit
of a first embodiment of the present invention;

FIG. 2 1s a graph of simulation results of the composite
resonance circuit shown in FIG. 1;

FIG. 3 1s a circuit diagram of a composite resonance circuit
ol a second embodiment of the present invention;

FIG. 4 1s a graph of simulation results of the composite
resonance circuit shown in FIG. 3;

FIG. 5 1s a circuit diagram of a composite resonance circuit
of a third embodiment of the present invention;

FIG. 6 1s a graph of simulation results of the composite
resonance circuit shown in FIG. 5;

FIG. 7 1s a circuit diagram of an annular multiphase input
circuit according to Embodiments 1 to 3 of the present inven-
tion;

FIG. 8 1s a circuit diagram of a composite resonance circuit
of a fourth embodiment of the present invention;

FIG. 9 1s a graph of simulation results of the composite
resonance circuit shown in FIG. 8;

FIG. 10 1s a circuit diagram of a composite resonance
circuit of a fifth embodiment of the present invention; and

FIG. 11 1s a graph of simulation results of the composite
resonance circuit shown in FIG. 10.

EXPLANATION OF REFERENCE NUMERALS

1 Composite resonance circuit
3 Input terminal

4 First phase control circuit

5 Second phase control circuit
6 Resonance circuit

DETAILED DESCRIPTION OF THE INVENTION

Embodiment 1

FIG. 1 shows Embodiment 1 according to a composite
resonance circuit of the present invention. As shownin FI1G. 1,
a composite resonance circuit 1 comprises an input terminal
3, a resonance circuit 6 having input terminals TR11, TR12
and 1nput terminals TR21, TR22 of first and second ports and
resonating in response to alternating-current signals respec-
tively supplied to these ports; and first and second phase
control circuits 4 and S performing different phase shifts on
an alternating-current signal supplied to the input terminal 3
to supply first and second shifted signals subjected to the
phase shift respectively to the first port terminals and the
second port terminals. The resonance circuit 6 1s an 1mped-
ance circuit having four input terminals TR11, TR12 and
TR21, TR22 forming the first and second ports and which
generates a quasi-resonant peak current under non-zero reac-
tance 1n response to the first and second shifted signals com-
ing in via the first and second ports.
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The components of the composite resonance circuit 1
shown 1n FIG. 1 will be further described in detail. The input
terminal 3 of the composite resonance circuit 1 of FIG. 1 1s
connected to a standard signal generator SG (not shown), and
an mput signal having 1ts output power maintained constant
and 1ts frequency 1 swept continuously 1s applied to the input
terminal 3 of the composite resonance circuit 1. The input
signal 1s supplied to each of an mput terminal T1 of the first
phase control circuit 4 and an input terminal T2 of the second
phase control circuit 3.

The first phase control circuit 4 has the mput terminal T1
and phase control output terminals TD11, TD12. The 1nput
terminal T1 1s connected to the input terminal 3; the phase
control output terminal TD11 1s connected to the TR11 of the
resonance circuit 6; and the phase control output terminal
TD12 1s connected to the TR12 of the resonance circuit 6.

The first phase control circuit 4 has the input signal iput-
ted thereto via the input terminal T1. The first phase control
circuit 4 shifts the phase of the mput signal applied to the
inputterminal T1 by ¢, and outputs the signal having 1ts phase
shifted by ¢, viathe phase control output terminal TD11 to the
TR11. The first phase control circuit 4 shifts the phase of the
input signal applied to the input terminal T1 by ¢, +180° and
outputs the signal having 1ts phase shifted by ¢,+180° via the
phase control output terminal TD12 to the TR12.

The second phase control circuit S has the input terminal
12 and phase control output terminals TD21, TD22. The
input terminal T2 1s connected to the mnput termmal 3; the
phase control output terminal TD21 1s connected to the TR21
of the resonance circuit 6; and the phase control output ter-
minal TD22 1s connected to the TR22 of the resonance circuit
6.

The second phase control circuit 5 has the input signal
inputted thereto via the input terminal T2. The second phase
control circuit 3 shifts the phase of the input signal applied to
the input terminal T2 by ¢, and outputs the signal having its
phase shifted by ¢, via the phase control output terminal
TD21 to the TR21. The second phase control circuit 5 shifts
the phase of the mput signal applied to the input terminal T2
by ¢,+180° and outputs the signal having its phase shifted by
¢,+180° via the phase control output terminal TD22 to the
TR22.

Here, the phase shift of the first phase control circuit 4 and
the second phase control circuit S will be described. The first
phase control circuit 4 shiits the phase of the input signal of
the frequency 1 output from the standard signal generator SG
by the phase of ¢, so that phase differences at the two phase
control terminals are equal. Thus, the phase of the signal
output from the phase control output terminal TD11 1s shifted
by ¢, with respect to the mput signal, and the phase of the
signal output from the phase control output terminal TD12 1s
shifted by ¢, +180° with respect to the input signal. The sec-
ond phase control circuit 3 shifts the phase of the input signal
of the frequency 1 output from the standard signal generator
SG by the phase of ¢, so that phase differences at the two
phase control terminals are equal. Thus, the phase of the
signal output from the phase control output terminal TD21 1s
shifted by ¢, with respect to the input signal, and the phase of
the signal output from the phase control output terminal TD22
1s shifted by ¢,+180° with respect to the input signal.

Meanwhile, the signal having its phase shifted by ¢, with
respect to the input signal 1s applied to the first port terminal
TR11 of the resonance circuit 6, and the signal having its
phase shifted by ¢, with respect to the input signal 1s applied
to the second port terminal TR21. The phase difference
between the two 1s (¢,—¢,). The signal having 1ts phase
shifted by ¢, +180° with respect to the input signal 1s applied
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4

to the first port terminal TR12 of the resonance circuit 6, and
the signal having its phase shifted by ¢,+180° with respect to
the input signal 1s applied to the second port terminal TR22.

The phase difference between the two 1s (¢, —¢,). As such, the
phase diflerence between the signals supplied to the first port
terminal TR11 and the second port terminal TR21 of the
resonance circuit 6 and the phase difference between the
signals supplied to the first port terminal TR12 and the second
portterminal TR22 are both (¢, —¢, ). For this phase difterence
(®,—0,), the phase ditference (¢,—¢, ) with respect to phase ¢,
at the first port 1s referred to as a control phase quantity and
denoted by (¢,—¢,) or ¢.

Next, the resonance circuit 6 shown in FIG. 1 will be
described. The resonance circuit 6 has the first port terminals
TR11 and TR12, and the second port terminals TR21 and
TR22. The resonance circuit 6 comprises Z21 (a capacitor)
connected between terminals TR11 and TR21, Z22 (a capaci-
tor) connected between terminals TR12 and TR22, 731 (a
resistor) connected between terminals TR11 and TR22, and
/732 (a resistor) connected between terminals TR12 and
TR21. The resonance circuit 6 has the signal having 1ts phase
shifted by ¢, with respect to the input signal inputted thereto
via terminal TR11, has the signal having 1ts phase shifted by
¢, +180° with respect to the mput signal mnputted thereto via
terminal TR12, has the signal having 1ts phase shifted by ¢,
with respect to the input signal inputted thereto via terminal
TR21, and has the signal having 1ts phase shifted by ¢,+180°
with respect to the input signal inputted thereto via terminal
TR22. The resonance circuit 6 generates a quasi-resonant
peak current under non-zero reactance in response to these
shifted signals supplied via the first and second ports.

Next, the effect of the composite resonance circuit 1
according to Embodiment 1 will be described using simula-
tion results shown in FIG. 2. The simulation shown in FIG. 2
was executed with the capacitance value of Z21 (a capacitor)

being set at 15.91549431 (pF), the capacitance value of 722
(acapacitor)at 15.91549431 (pF), the resistance value o1 7231
(a resistor) at 1,000 (£2), and the resistance value of Z32 (a
resistor) at 1,000 (£2), and also with the internal resistance R1
of the first phase control circuit 4 connected to the resonance
circuit 6 on the first port side being set at 1,000 (£2) and the
internal resistance R2 of the second phase control circuit S on
the second port side at 1,000 (£2).

FIG. 2 shows numerical simulation results of the compos-
ite resonance circuit shown in FIG. 1. The horizontal axis
represents the frequency (Hz) of the input signal with a range
of 100 KHzto 1 GHz, and its scale 1s a logarithmic scale. The
vertical axis represents the absolute value |1l of the current
flowing into the first port terminal TR11 of the resonance
circuit 6. The absolute value of the current tlowing into this
terminal TR11 takes on a maximum value. The frequency at
which this maximum value occurs 1s called a peak frequency
(Im). The frequency at this peak frequency 1s called a reso-
nance frequency, and the current which flows at this reso-
nance frequency 1s called a quasi-resonant peak current.

As shown i FIG. 2, when (¢,-¢,) 15 0', |1l 1s almost
constant not depending on frequency, but it 1s seen that as
(¢-,—®, ) 1increases, the frequency dependence of |1l increases.
It 1s seen that at a frequency of 100 KHz, as (¢,—¢, ) increases,
the current value |1l decreases, but that 1n the vicinity of a
frequency of 100 MHz, as (¢,—¢, ) increases, the current value
Il increases. That 1s, 1t 1s seen that as (¢,—¢,) increases, the
symmetry of |I| against frequency 1s reduced, but that the peak
value of |Il increases and shifts to the higher frequency side.
From this, 1t 1s seen that even with the resonance circuit 6
included 1n the composite resonance circuit 1 having no reso-
nance element, a quasi-resonant peak current can be gener-
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ated, and that by changing (¢,—¢, ), the quasi-resonant peak
current can be varied over a wide frequency range. That 1s, the
resonance frequency can be varied.

Embodiment 2

Next, a composite resonance circuit according to the
present invention will be described using FIGS. 3 and 4. The
components of the composite resonance circuit 1 shown 1n
FIG. 3 will be further described 1n detail. The mput terminal
3 of the composite resonance circuit 1 of FIG. 3 1s connected
to a standard signal generator SG (not shown) as 1 FIG. 1,
and an input signal having 1ts output power maintained con-
stant and its frequency 1 swept continuously 1s applied to the
input terminal 3 of the composite resonance circuit 1. The
input signal 1s supplied to each of an input terminal T1 of the
first phase control circuit 4 and an input terminal T2 of the
second phase control circuit 3.

The first phase control circuit 4 has the mput terminal T1
and phase control output terminals TD11, TD12, TD13,
TD14. The mput terminal T1 1s connected to the mnput termi-
nal 3; the phase control output terminal TD11 1s connected to
the TR11 of the resonance circuit 6; the phase control output
terminal TD12 1s connected to the TR12 of the resonance
circuit 6; the phase control output terminal TID13 1s connected
to the TR13 of the resonance circuit 6; and the phase control
output terminal TD14 1s connected to the TR14 of the reso-
nance circuit 6. The first phase control circuit 4 has the input
signal inputted thereto via the mput terminal T1. The first
phase control circuit 4 shifts the phase of the input signal
applied to the input terminal T1 by ¢, and outputs the signal
having its phase shifted by ¢, via the phase control output
terminal TD11 to the TR11. The first phase control circuit 4
shifts the phase of the input signal applied to the mput termai-
nal T1 by ¢,+90° and outputs the signal having 1its phase
shifted by ¢,+90° via the phase control output terminal TD12
to the TR12. The first phase control circuit 4 shiits the phase
of the input signal applied to the input terminal T1 by ¢, +180°
and outputs the signal having 1ts phase shifted by ¢,+180° via
the phase control output terminal TD13 to the TR13. The first
phase control circuit 4 shifts the phase of the mput signal
applied to the input terminal T1 by ¢,+270° and outputs the
signal having its phase shifted by ¢,+270° via the phase
control output terminal TD14 to the TR14.

The second phase control circuit S has the input terminal
12 and phase control output terminals TD21, TD22, TD23,
TD24. The mput terminal T2 1s connected to the input termi-
nal 3; the phase control output terminal TD21 1s connected to
the TR21 of the resonance circuit 6; the phase control output
terminal TD22 1s connected to the TR22 of the resonance
circuit 6; the phase control output terminal TID23 1s connected
to the TR23 of the resonance circuit 6; and the phase control
output terminal TD24 1s connected to the TR24 of the reso-
nance circuit 6.

The second phase control circuit 5 has the input signal
inputted thereto via the mput terminal T2. The second phase
control circuit 5 shifts the phase of the mput signal applied to
the input terminal T2 by ¢, and outputs the signal having its
phase shifted by ¢, via the phase control output terminal
TD21 to the TR21. The second phase control circuit 5 shiits
the phase of the mnput signal applied to the input terminal T2
by ¢,+90° and outputs the signal having 1ts phase shifted by
$,+90° via the phase control output terminal TD22 to the
TR22. The second phase control circuit 5 shiits the phase of
the 1nput signal applied to the input terminal T2 by ¢,+180°
and outputs the signal having 1ts phase shifted by ¢,+180° via
the phase control output terminal TD23 to the TR23. The
second phase control circuit 3 shifts the phase of the input
signal applied to the input terminal T2 by ¢,+270° and out-
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6

puts the signal having its phase shifted by ¢,+270° via the
phase control output terminal TD24 to the TR24.

Here, the phase shift quantities of the first phase control
circuit 4 and the second phase control circuit 5 will be
described. The first phase control circuit 4 shiits the phase of
the input signal of the frequency 1 output from the standard
signal generator SG by the phase of ¢, so that phase differ-
ences at the four phase control terminals are equal. Thus, the
phase of the signal output from the phase control output
terminal TD11 1s shifted by ¢, with respect to the input signal;
the phase of the signal output from the phase control output
terminal TD12 1s shifted by ¢,+90° with respect to the input
signal; the phase of the signal output from the phase control
output terminal TD13 1s shifted by ¢, +180° with respect to
the input signal; and the phase of the signal output from the
phase control output terminal TIDD14 1s shifted by ¢,+270°
with respect to the mput signal. The second phase control
circuit 5 shifts the phase of the mput signal of the frequency
f output from the standard signal generator SG by the phase of
¢, so that phase differences at the four phase control terminals
are equal. Thus, the phase of the signal output from the phase
control output terminal TD21 1s shifted by ¢, with respect to
the iput signal; the phase of the signal output from the phase
control output terminal TD22 1s shifted by ¢,+90° with
respect to the input signal; the phase of the signal output from
the phase control output terminal TD23 1s shifted by ¢,+180°
with respect to the mput signal; and the phase of the signal
output from the phase control output terminal T1D24 1s shitted
by ¢,+270° with respect to the input signal.

Meanwhile, the signal having its phase shifted by ¢, with
respect to the input signal 1s applied to the first port terminal
TR11 of the resonance circuit 6, and the signal having 1ts
phase shifted by ¢, with respect to the input signal 1s applied
to the second port terminal TR21. The phase difference
between the two 1s (¢,—¢,). The signal having its phase
shifted by ¢, +90° with respect to the input signal 1s applied to
the first port terminal TR12 of the resonance circuit 6, and the
signal having 1ts phase shifted by ¢,+90° with respect to the
input 51gnal 1s applied to the second port terminal TR22. The
phase difference between the two 1s (¢, —¢,). The signal hav-
ing 1its phase shifted by ¢,+180° with respect to the input
signal 1s applied to the first port terminal TR13 of the reso-
nance circuit 6, and the signal having 1ts phase shifted by
¢,+180° with respect to the input signal 1s applied to the
second port terminal TR23. The phase difference between the
two 1s (¢, —¢- ). The signal having its phase shifted by ¢, +270°
with respect to the mput signal 1s applied to the first port
terminal TR14 of the resonance circuit 6, and the signal
having its phase shifted by ¢,+270° with respect to the input
signal 1s applied to the second port terminal TR24. The phase
difference between the two 1s (¢,—¢,).

As such, the phase difference between the signals supplied
to the first port terminal TR11 and the second port terminal
TR21 of the resonance circuit 6, the phase difference between
the signals supplied to the first port terminal TR12 and the
second port terminal TR22, the phase difference between the
signals supplied to the first port terminal TR13 and the second
port terminal TR23, and the phase difl

erence between the
signals supplied to the first port terminal TR14 and the second
port terminal TR24 are all (¢,-¢, ). For this phase difference
(¢,—9,), the phase difference (¢,—¢, ) with respect to phase ¢,
at the first port 1s referred to as a control phase quantity and
denoted by ¢ as already mentioned.

Next, the resonance circuit 6 shown in FIG. 3 will be

described. The resonance circuit 6 has the first port terminals
TR11, TR12, TR13, and TR14, and the second port terminals

TR21,TR22, TR23, and TR24. The resonance circuit 6 com-
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prises Z31 (a capacitor) connected between terminals TR11
and TR21, Z32 (a capacitor) connected between terminals
TR12 and TR22, Z33 (a capacitor) connected between termi-
nals TR13 and TR23, Z34 (a capacitor) connected between
terminals TR14 and TR24, 741 (a resistor) connected
between terminals TR21 and TR12, Z42 (a resistor) con-
nected between terminals TR22 and TR13, 743 (a resistor)
connected between terminals TR23 and TR14, and 744 (a
resistor) connected between terminals TR24 and TR11.

The resonance circuit 6 has the signal having 1its phase
shifted by ¢, with respect to the input signal inputted thereto
via terminal TR11, has the signal having 1ts phase shifted by
¢,+90° with respect to the input signal imnputted thereto via
terminal TR12, has the signal having its phase shifted by
¢,+180° with respect to the input signal inputted thereto via
terminal TR13, has the signal having its phase shifted by
¢,+270° with respect to the input signal mputted thereto via
terminal TR14, has the signal having 1its phase shifted by ¢,
with respect to the iput signal inputted thereto via terminal
TR21, has the signal having its phase shifted by ¢,+90° with
respect to the mnput signal inputted thereto via terminal TR22,
has the signal having its phase shifted by ¢,+180° with
respect to the mnput signal inputted thereto via terminal TR23,
and has the signal having its phase shifted by ¢,+270° with
respect to the mnput signal inputted thereto via terminal TR24.
The resonance circuit 6 generates a quasi-resonant peak volt-
age under non-zero reactance in response to these phase-
shifted signals supplied via the first and second ports.

Next, the effect of the composite resonance circuit 1
according to Embodiment 2 will be described using simula-
tion results shown in FIG. 4. The simulation shown 1n FIG. 4
was executed with the capacitance value of Z31 (a capacitor)
being set at 15.91549431 (pF), the capacitance value of Z32
(a capacitor) at 15.915349431 (pF), the capacitance value of
733 (a capacitor) at 15.91549431 (pF), the capacitance value
of 734 (a capacitor) at 15.91549431 (pF), the resistance value
of Z41 (aresistor) at 1,000 (€2), the resistance value o1 742 (a
resistor) at 1,000 (£2), the resistance value of 743 (a resistor)
at 1,000 (£2), and the resistance value of Z44 (a resistor) at
1,000 (£2), and also with the internal resistance R1 of the first
phase control circuit 4 connected to the resonance circuit 6 on
the first port side being set at 707.1 (£2) and the internal
resistance R2 of the second phase control circuit 5 on the
second port side at 707.1 (£2).

FI1G. 4 shows numerical sitmulation results of the compos-
ite resonance circuit shown i FIG. 3. The horizontal axis
represents the frequency (Hz) of the input signal with a range
of 100 KHz to 1 GHz, and its scale 1s a logarithmic scale. The
vertical axis represents the absolute value |1l of the current
flowing into the first port terminal TR11 of the resonance
circuit 6. The absolute value of the current flowing into the
terminal TR11 takes on a maximum value.

As shown 1n FIG. 4, when (¢p,—¢,) 1s 0°, |I| has a peak
symmetrical with respect to around 10 MHz. It 1s seen that as
(¢,—®, ) 1increases, the peak value of |1 increases and shiits to
the lower frequency side. Also, 1t 1s seen that as (¢p,—¢,)
increases, the half-with of the peak of |1l increases and the
height of the peak increases. From this, 1t 1s seen that even
with the resonance circuit 6 included 1n the composite reso-
nance circuit 1 not having a resonance element or the like, a
quasi-resonant peak current can be generated, and that by
changing (¢,—, ), the quasi-resonant peak current can be var-
ied over a wide frequency range.

Embodiment 3

The components of the composite resonance circuit 1
shown i FI1G. 5 will be described in detail. The input terminal
3 of the composite resonance circuit 1 of FIG. 5 1s connected
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to a standard signal generator SG (not shown) as in FIG. 1,
and an 1nput signal having 1ts output power maintained con-
stant and its frequency 1 swept continuously 1s applied to the
input terminal 3 of the composite resonance circuit 1. The
input signal 1s supplied to each of an mnput terminal T1 of the
first phase control circuit 4 and an mnput terminal T2 of the
second phase control circuit 3.

The function and the like of the first phase control circuit 4
and the second phase control circuit 5 according to Embodi-
ment 3 shown 1n FI1G. 5 are the same as those according to the
embodiment shown 1n FIG. 3, and also the phase relationships
between phase-shifted signals supplied to the first and second
ports of the resonance circuit 6 shown in FIG. § are the same.
Hence, detailed description thereof 1s omitted.

Next, the resonance circuit 6 shown in FIG. § will be
described. The resonance circuit 6 has the first port terminals

TR11, TR12, TR13, and TR14, and the second port terminals
TR21, TR22, TR23, and TR24. The resonance circuit 6 com-
prises Z31 (a capacitor) connected between terminals TR11
and TR21, Z32 (a capacitor) connected between terminals
TR12 and TR22 /.33 (a capacitor) connected between termi-
nals TR13 and TR23, Z34 (a capacitor) connected between
terminals TR14 and TR24 741 (a coil) connected between
terminals TR21 and TR12, Z42 (a co1l) connected between
terminals TR22 and TR13, Z43 (a coil) connected between
terminals TR23 and TR14 and 744 (a coil) connected
between terminals TR24 and TR11.

The resonance circuit 6 has the signal having its phase
shifted by ¢, with respect to the input signal inputted thereto
via terminal TR11, has the signal having 1ts phase shifted by
¢, +90° with respect to the mput signal inputted thereto via
terminal TR12, has the signal having 1ts phase shifted by
¢, +180° with respect to the input signal inputted thereto via
terminal TR13, has the signal having i1ts phase shifted by
¢, +270° with respect to the input signal inputted thereto via
terminal TR14, has the signal having 1ts phase shifted by ¢,
with respect to the iput signal inputted thereto via terminal
TR21, has the signal having its phase shifted by ¢,+90° with
respect to the input signal inputted thereto via terminal TR22,
has the signal having its phase shifted by ¢,+180° with
respect to the input signal inputted thereto via terminal TR23,
and has the signal having 1ts phase shitted by ¢,+270° with
respect to the input signal inputted thereto via terminal TR24.
The resonance circuit 6 generates a quasi-resonant peak volt-
age under non-zero reactance in response to these shifted
signals supplied via the first and second ports.

Next, the effect of the composite resonance circuit 1
according to Embodiment 3 will be described using simula-
tion results shown 1n FIG. 6. The simulation shown in FIG. 6
was executed with the capacitance value of Z31 (a capacitor)
being set at 15.91549431 (pF), the capacitance value of 732
(a capacitor) at 15.91549431 (pF), the capacitance value of
/.33 (a capacitor) at 15.91549431 (pF), the capacitance value
of Z34 (a capacitor) at 15.91549431 (pF), the inductance
value of Z41 (a coil) at 15.91549431 (uH), the inductance
value of 742 (a coil) at 15.91549431 (uH), the inductance

lue ot 743 (acoi1l) at 15.91549431 (uH), and the inductance

va.
value of 744 (a coil) at 15.91549431 (uH), and also with the
internal resistance R1 of the first phase control circuit 4 con-
nected to the resonance circuit 6 on the first port side being set
at 1,000 (£2) and the internal resistance R2 of the second phase
control circuit 5 on the second port side at 1,000 (£2).

FIG. 6 shows numerical simulation results of the compos-
ite resonance circuit shown in FIG. 5. The horizontal axis
represents the frequency (Hz) of the input signal with a range
of 100 KHzto 1 GHz, and its scale 1s a logarithmic scale. The

vertical axis represents the absolute values |1l of the currents
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flowing into the first port terminal TR11 and the second port
terminal TR21 of the resonance circuit 6. The thick lines in
FIG. 6 indicate the absolute value |1l of the current flowing
into the first port terminal TR11. The absolute value of the
current flowing into the first port terminal TR11 takes on a
maximum value.

As shown 1n FIG. 6, when (¢,—¢,) 1s 0", |I| has a peak
symmetrical with respect to around 10 MHz. It 1s seen that as
(¢,—¢,) increases, the peak value of |I| shifts to the higher
frequency side. From this, 1t 1s seen that even with the reso-
nance circuit 6 included 1n the composite resonance circuit 1
not having a resonance element or the like, a quasi-resonant
peak current can be generated, and that by changing (¢,—¢, ),
the quasi-resonant peak current can be varied over a wide
frequency range.

The resonance circuits 1n the composite resonance circuits
according to Embodiments 1 to 3 being an annular multiphase
input circuit will be described using FIG. 7. The circuit dia-
gram shown 1 FIG. 7 1s an expanded diagram of the reso-
nance circuit 6 according to Embodiment 2 shown in FIG. 3
and the resonance circuit 6 according to Embodiment 3
shown 1n FIG. 5. Focusing attention on the resonance circuit
6, non-resonant two-terminal circuits Z3n and Z4n, where
n=1 to 4, are connected annularly in the order of Z31->741-
>732->742->733->743->734->744->731, and hence the
resonance circuit 6 1s an annular impedance circuit.

The resonance circuit 6 1s an annular multiphase nput
circuit. Here, the annular multiphase mput circuit 1s a loop
circuit consisting of a plurality of impedance elements con-
nected annularly, and having a plurality of input ports that are
pairs ol mput terminals between which at least one of the
plurality of impedance elements 1s sandwiched, can receive a
multiphase mput.

Signals supplied to the four terminals TR11, TR12, TR13,
TR14 of the first port will be described. The phase differences
between TR11 and TR12, between TR12 and TR13, between
TR13 and TR14, and between TR14 and TR11 are all 360°/m,
where m 1s the number of phases, in the case of FIG. 7, m=4.
Thus, the phase differences between adjacent ones of the four
terminals of the first port are 90°. The phase differences
between adjacent ones of the four terminals of the second port
are also all 90°.

Here, the non-resonant two-terminal circuits Z3n and Z4n,
where n=1 to 4, are classified according to the phase ditfer-
ence of signals between the first and second ports.

The phase of the signal supplied to the first port terminal
TR11 1s ¢, with respect to the input signal, and the phase of
the signal supplied to the second port terminal TR21 1s ¢,. The
phase difference between the two 1s (¢,—-¢,). Likewise, the
phase differences between the signals supplied to TR12 and
TR22, TR13 and TR23, and TR14 and TR24 are (¢,—¢,). The
two-terminal circuits Z31, 732, 733, 734 connected between
TR11and TR21,TR12and TR22, TR13 and TR23,and TR14
and TR24, where the phase difference between the first-port
terminal and the second-port terminal 1s (¢, -9, ), are called a
non-resonant intra-phase two-terminal circuit.

Meanwhile, the phase difference between TR11 and TR24
1s ¢, —p,+90°; the phase difference between TR12 and TR21
1s ¢, —¢- 90°; the phase difference between TR13 and TR22 1s
¢,—¢, 90°; the phase difference between TR14 and TR23 is
¢,—¢, 90°; and the phase difference between TR11 and TR24
1s ¢,—¢, 90°. The two-terminal circuits 731, 7232, 733, 734
connected between TR12 and TR21, TR13 and TR22, TR14
and TR23, and TR11 and TR24, where the phase difference
between the first-port terminal and the second-port terminal 1s
(¢, -9,+90°), are called a non-resonant inter-phase two-ter-
minal circuit.
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For this phase difference (¢,-¢,), the phase difference
(¢,—¢,) with respect to phase ¢, at the first port 1s a control
phase quantity as already mentioned.

As shown i FIG. 7, the non-resonant intra-phase two-
terminal circuits Z3n (n=4) and the non-resonant inter-phase
two-terminal circuits Z4n (n=4) are alternately connected in a
ring to form an annular multiphase-type circuit structure. The
clements of the non-resonant inter-phase two-terminal cir-
cuits and the non-resonant intra-phase two-terminal circuits
are elements having no resonance frequency in a desired
frequency range, 1.e. a frequency range of target of this inven-
tion, such as resistors, capacitors, or coils.

Variants of the resonance circuits 6 (hereinatter also called
an annular multiphase input circuit) described using FIGS. 1,
3,5, and 7 will be described. Although as shown in FIG. 7, the
inter-phase two-terminal circuit Z4n (n=4) 1s connected to
intra-phase two-terminal circuits Z3n (n=4) adjacent to 1tsellf,
the mvention 1s not limited to this. For example, the inter-
phase two-terminal circuit Z4n (n=4) may be connected to an
adjacent-but-one 1ntra-phase two-terminal circuit Z3n (n=4)
beyond the intra-phase two-terminal circuit Z3n (n=4) adja-
cent to 1tselt. In this case, Z41 of FIG. 7 1s connected between
TR13 and TR21, and Z43 1s connected between TR11 and
TR23. In this circuit configuration, an annular multiphase
input circuit 1s formed which comprises an annular loop of
/31->741->733->743->731 (also called a first annular loop)
with the inter-phase two-terminal circuits 741 and 743
respectively connected to the adjacent-but-one intra-phase
two-terminal circuits Z33 and Z31. In addition to having the
first annular loop, an annular multiphase input circuit may be
formed by connecting the others 1n a ring to form a second
annular loop of Z32->742->734->/44->732. A composite
resonance circuit having the first and second annular loops of
adjacent-but-one connection has improved external noise
resistance because of having two annular loops as compared
with that having a loop of adjacent connection.

Yet another variant will be described. Although a single
annular multiphase input circuit 6 1s connected between the
first and second ports as shown 1n FIG. 7, the invention 1s not
limited to this. For example, the composite resonance circuit
can take on a circuit configuration where a plurality of annular
multiphase iput circuits are connected 1n series and/or in
parallel between the first and second ports. That 1s, a plurality
of annular multiphase input circuits 6m (m=positive integers)
may be connected 1n series between the first and second ports,
or a plurality of annular multiphase mput circuits 6n
(n=positive mtegers) may be connected 1n parallel between
the first and second ports. Further, at least one annular mul-
tiphase mput circuits 6n (n=a positive integer) may be con-
nected 1n parallel with at least one of a plurality of annular
multiphase input circuits 6m (m=positive integers) connected
in series between the first and second ports. These variants
have the defect that the number of elements 1s increased, but
have the advantage that the resonance frequency range, the
quasi-resonant peak current value, and the like can be
adjusted more precisely.

Embodiment 4

Next, an embodiment of a composite resonance circuit
having a radial multiphase resonance unit will be described
using FIGS. 8 and 9. The mput terminal 3 1s connected to a
standard signal generator SG (not shown) as in FIG. 1, which
generates an mput signal having 1ts output power maintained
constant and its frequency 1 swept continuously. The function
and the like of the first phase control circuit 4 and the second
phase control circuit 5 are the same as those of the embodi-
ment shown 1n FIG. 1, and hence detailed description thereof
1s omitted. In the composite resonance circuit shown 1n FIG.
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8, the first and second phase control circuits 4, 5§ shiit the
phase of the input signal by ¢, and ¢, respectively and supply
the phase-shifted signals to the resonance circuit 6.

Next, the resonance circuit 6 shown in FIG. 8 will be
described. The resonance circuit 6 has a first port terminal
TR1, a second port terminal TR2, and a terminal TC. The
resonance circuit 6 comprises Z2 (a capacitor) connected
between terminals TR1 and TR2, and Z1 (a resistor) con-
nected between terminals TR2 and TC. The terminal TC 1s
connected to a reference terminal 2.

The resonance circuit 6 has the signal having 1its phase
shifted by ¢, with respect to the input signal inputted thereto
via terminal TR1, and has the signal having its phase shifted
by ¢, with respect to the input signal inputted thereto via
terminal TR2. The resonance circuit 6 generates a quasi-
resonant peak voltage under non-zero reactance 1n response
to these shifted signals supplied via the first and second ports.

Next, the effect of the composite resonance circuit 1
according to Embodiment 4 will be described using simula-
tion results shown 1n FIG. 9. The simulation shown 1n FIG. 9
was executed with the resistance value of Z1 (aresistor) being,
set at 1,000 (£2) and the capacitance value of Z2 (a capacitor)
at 15.91549431 (pF), and also with the internal resistance R1
of the first phase control circuit 4 connected to the resonance
circuit 6 on the first port side being set at 1,000 (£2) and the
internal resistance R2 of the second phase control circuit S on
the second port side at 1,000 (£2).

The vertical axis and horizontal axis 1n FIG. 9 represent the
same as 1n FIG. 2 and the like. As shown in FIG. 9, the peak
ol the absolute value |1 of the current flowing into the second
port terminal TR2 shifts depending on the control phase quan-
tity (¢,—¢, ) with 1ts maximum value greatly changing. From
this, 1t 1s seen that even with the resonance circuit 6 included
in the composite resonance circuit 1 not having a resonance
clement or the like, a quasi-resonant peak current can be
generated, and that by changing (¢,—¢, ) the quasi-resonant
peak current can be varied over a wide frequency range.
Further, 1t 1s seen that for all values of (¢,—¢,), |1l 1s greater
than with the annular multiphase input circuits shown in
Embodiments 1 to 3. This indicates that there 1s an advantage
in terms of the noise resistance over the annular multiphase
input circuits shown in Embodiments 1 to 3.

A variant of the radial multiphase mput circuit will be
described. Although description has been made of the com-
posite resonance circuit shown 1n FIG. 8 having a single radial
multiphase mput circuit, the resonance circuit may comprise
a plurality of radial multiphase 1input circuits. That 1s, a plu-
rality of radial multiphase 1input circuits may be connected in
series and/or 1n parallel between the first and second ports.
With this configuration, the number of non-resonant elements
1s increased, but there 1s the advantage that the resonance
frequency range, the quasi-resonant peak current value, and
the like can be adjusted more precisely.

Embodiment 5

Next, a composite resonance circuit 1 comprising a reso-
nance unit having an annular multiphase imnput circuit and a
radial multiphase 1input circuit will be described using FIGS.
10 and 11.

The 1nput terminal 3 of the composite resonance circuit 1
shown 1n FIG. 10 1s connected to a standard signal generator
SG as 1n FIG. 1, which generates an input signal having its
output power maintained constant and 1ts frequency 1 swept
continuously. The function and the like of the first phase
control circuit 4 and the second phase control circuit 5 are the
same as those of Embodiment 1 shown in FIG. 1, and hence
detailed description thereot 1s omitted. In the composite reso-
nance circuit 1 shown 1n FIG. 10, the first phase control circuit
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4 shifts the phase of the input signal by ¢,, ¢,+120°, and
¢,+240° and outputs the phase-shifted signals to first port
terminals TR11, TR12, TR13 of the resonance circuit 6. Like-
wise, the second phase control circuit 5 shifts the phase of the
iput signal by ¢,, ¢,+120°, and ¢,+240° and outputs the
phase-shifted signals to second port terminals TR21, TR22,
TR23 of the resonance circuit 6.

Next, the resonance circuit 6 shown 1n FIG. 10 will be
described. The resonance circuit 6 has the first port terminals
TR11, TR12, TR13, the second port terminals TR21, TR22,
TR23, and a common terminal TC. The resonance circuit 6
comprises Z21 (a capacitor) connected between terminals
TR11 and TR21, Z22 (a capacitor) connected between termi-
nals TR12 and TR22, Z23 (a capacitor) connected between
terminals TR13 and TR23, 7Z31 (a resistor) connected
between terminals TR21 and TR12, Z32 (a resistor) con-
nected between terminals TR22 and TR13, and Z33 (a resis-
tor) connected between terminals TR23 and TR11. It 1s seen
that these capacitors and resistors form an annular circuit of
721->731->722->732->723->7/33->/21, and that an annu-
lar multiphase iput circuit as shown in FIG. 7 1s embodied by
this annular configuration.

Theresonance circuit 6 further comprises Z11 (a capacitor)
connected between terminal TR21 and common terminal TC,
/12 (a capacitor) connected between terminal TR22 and
common terminal TC, and Z13 (a capacitor) connected
between terminal TR23 and common terminal TC. These
capacitors Z11, Z12, Z13 are connected at their one terminal
to the common terminal TC, and the other terminals are
respectively connected to the second port terminals TR21,
TR22, TR23 that recerve different phase-shifted signals.

The resonance circuit 6 comprises the annular multiphase
input circuit and a radial multiphase mput circuit. This radial
multiphase mput circuit i1s a circuit in which one terminal of
cach of a plurality of impedance elements 1s connected to a
common terminal with the other terminals being respectively
connected to a plurality of input terminal pairs and which can
receive a multiphase mput. The annular multiphase input
circuit and radial multiphase mput circuit of the resonance
circuit 6 shown in FIG. 10 are connected to input port terminal
pairs of TR11 and TR21, TR12 and TR22, and TR13 and
TR23 common to them. The connection of the common ter-
minal TC and a reference terminal 2 1s not necessarily needed.

It will be described using F1G. 11 that the resonance circuit
6 generates a quasi-resonant peak current under non-zero
reactance 1n response to these shifted signals supplied via the
first and second ports.

The simulation, whose results are shown 1n FIG. 11, was
executed with the capacitance value of Z11 (a capacitor) of
the radial multiphase iput circuit being set at 15.91549431
(pF), the capacitance value of Z12 (a capacitor) at
15.91549431 (pF), and the capacitance value of Z13 (a
capacitor) at 15.91549431 (pF), and also with the capacitance
value of Z21 (a capacitor) of the annular multiphase input
circuit being set at 15.91549431 (pF), the capacitance value
of Z22 (a capacitor) at 15.91549431 (pF), the capacitance
value of Z23 (a capacitor) at 15.91549431 (pF), the resistance
value of Z31 (a resistor) at 1,000 (€2), the resistance value of
/.32 (a resistor) at 1,000 (£2), and the resistance value of 733
(a resistor) at 1,000 (€2), and also with the three internal
resistances of the first phase control circuit 4 connected to the
resonance circuit 6 on the first port side, that 1s, the resistances
of the peripheral circuit as viewed from the terminals TD11,
TD12, TD13 being set at 1,000 (£2) and the three internal
resistances of the second phase control circuit 5 on the second
port side, that 1s, the resistances of the peripheral circuit as

viewed from the terminals TD21, TD22, TD23 at 1,000 (£2).
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The vertical axis and horizontal axis in FIG. 11 represent
the same as 1n FIG. 2 and the like. As shown 1n FIG. 11, the
peak of the absolute value |1l of the current tlowing into the
second port terminal TR21 shifts depending on the control
phase quantity (¢,—¢,) with its maximum value greatly
changing. From this, 1t 1s seen that even with the resonance
circuit 6 included in the composite resonance circuit 1 not
having a resonance element or the like, a quasi-resonant peak
current can be generated, and that by changing (¢,—¢, ), the
quasi-resonant peak current can be varied over a wide Ire-
quency range. Further, 1t 1s seen that for all values of (¢,—¢,),
1l 1s generally greater than with the annular multiphase input
circuits shown in Embodiments 1 to 3. This indicates that
there 1s an advantage in terms of the noise resistance over the
resonance circuits having only the annular multiphase input
circuit shown 1n Embodiments 1 to 3.

Although description has been made 1n which the compos-
ite resonance circuit shown in FIG. 10 comprises one annular
multiphase input circuit and one radial multiphase input cir-
cuit, not being limited to this, the resonance circuit may
comprise at least one annular multiphase iput circuit and at
least one radial multiphase mput circuit. For example, one
radial multiphase put circuit may be cascade-connected
between two cascade-connected, annular multiphase input
circuits, or conversely one annular multiphase mput circuit
may be cascade-connected between two cascade-connected,
radial multiphase mput circuits. With this configuration, the
number of non-resonant elements 1s increased, but there 1s the
advantage that the resonance frequency range, the quasi-
resonant peak current value, and the like can be adjusted more
precisely.

With the composite resonance circuit according to the
present invention, a quasi-resonant peak current can be gen-
erated using a non-resonant element without a resonance
circuit such as a serial LLC circuit. Hence, the number of
clements 1s reduced, thus further reducing manufacturing

costs. In addition, the maximum value of the quasi-resonant
peak current 1s variable over a wide frequency range. Thus,
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the quasi-resonance Irequency can be varied over a wide
frequency range without changing the element constant of the
non-resonant element.

The invention claimed 1s:

1. A composite resonance circuit comprising;:

an iput terminal;

a resonance unit having first and second ports and resonat-
ing 1n response to alternating-current signals respec-
tively supplied to said first and second ports;

a first phase shift circuit having an input end connected to
said mnput terminal and an output end connected to said
first port, that performs a first phase shiit on an alternat-
ing-current signal supplied to said input terminal and
supplies a first shifted signal subjected to the phase shift
to said first port, and

a second phase shift circuit having an 1input end connected
to said 1nput terminal and an output end connected to
said second port, that performs a second phase shift
different from said first phase shiit on said mput alter-
nating-current signal supplied to said input terminal and
supplies a second shifted signal subjected to the phase
shift to said second port,

wherein said resonance unit 1s an impedance circuit that
has at least four mput terminals forming said first and
second ports and that has a resonance frequency varying,
in response to said first and second shifted signals com-
ing 1n via said first and second ports, and a maximum
current flows into said first port at said resonance ire-
quency.

2. A composite resonance circuit according to claim 1,
wherein said impedance circuit 1s a circularly connected mul-
tiphase mput circuit.

3. A composite resonance circuit according to claim 1,
wherein said impedance circuit 1s a radially connected mul-
tiphase 1mput circuit.

4. A composite resonance circuit according to claim 1,
wherein said impedance circuit comprises a circularly con-
nected multiphase mput circuit and a radially connected mul-
tiphase iput circuit which have a common 1nput port.
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